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(54) DIAGNOSING SYSTEM FOR FLUID MACHINERY 

(57) The present invention relates to a diagnostic 
system for fluid machinery capable of detecting wasteful 
energy consumption In the fluid machinery. The diag- 
nostic system comprises a first identifying means for 
identifying the characteristics of the fluid machinery rep- 
resented by flow rate-head characteristics by inputting 
prescribed data on the fluid machinery to be diagnosed; 

a second identifying means for Identifying the operating 

flow rate or operating pressure of the fluid machinery 
according to the relationship between the identified 
characteristics and a measured operating pressure or 
operating flow rate of the fluid machinery by operating 
the fluid machinery to be diagnosed and inputtingThe 
measured results of the operating pressure (head), 
operating flow rate, power consumption, or operating 
electric cument of the fluid machinery in operation; and 
a processing means for computing variations in the 
operating flow rate, operating pressure, or power con- 
sumption when the rotational speed of the fluid machin- 
ery to be diagnosed is varied and for displaying the 
computed results. 
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Description 
Technical Field 

5 [0001] The present invention relates to a diagnostic system for fluid machinery capable of estimating wasteful 
energy consumption in the fluid machinery and its peripheral devices, and more particularly to a system for estimating 
and verifying the minimum required power consumption in equipment using a cooling water circulating pump or the like. 

Background Art 

10 

[0002] A technology for controlling a rotational speed of a motor pump using an inverter (frequency converter) is 
known in the art. This method is an extremely effective means for energy saving, not only in the application of the pump 
for a feed water supply system or the like in which a violent fluctuation of load occurs, but also in the application of the 
circulating pump or the like. 

15 [0003] A general-purpose pump Is not manufactured according to a standard specification. Specifically, the gen- 
eral-purpose pump is not manufactured so as to meet a certain specification (flow rate, pump head), but such a pump 
having a performance exceeding the required specification Is selected front a stock. Additionally, design specifications 
are generally calculated so as to satisfy a maximum flow rate with plenty of margin of flow rate. The energy loss in piping 
is also determined in consideration of margin and aged deterioration. Accordingly, when the pump is actually operated, 

20 the valve adjustment is conducted for suppressing excessive flow rate, resulting in a waste of the energy. Even if the 
pump is selected based on calculations, waste of energy will be more or less generated. 

[0004] A decisive factor of saving energy is to match the operations of the pump to "true" requirements in order to 
conduct efficient operations without energy loss. Here, "true" requirements are defined as the minimum required flow 
rate and head that can only be found by performing actual operations at the site. 
25 [0005] For example, if too much margin is found in the capacity of the pump when performing actual operations at 
the site, it is possible to save energy by the following methods. 

(1) Replacing the pump with a smaller one having one rank reduced capacity. 

(2) Machining the outer diameter of the impeller to reduce the performance of the pump to an appropriate value. 

30 

[0006] However, this process requires an extra expense. Also, after performing the above measure, it is difficult to 
raise the performance (recover the perfomiance) when needed. On the other hand, an inverter can easily and reversibly 
adjust the pump performance, thus achieving operations having the best energy efficiency. 

[0007] In case of achieving energy-saving by adding an inverter to an existing pump, there are several methods, 
35 each with its advantages and disadvantages, described below. 

(1) Controlling an existing motor pump with an inverter 
[0008] 

40 

(Advantage) No modifications are required for the motor pump itself. 

(Disadvantage) The area around the pump is likely to have a lot of moisture, and such area is unsuitable for instal- 
lation of a general inverter Accordingly, It is desirable that the inverter is housed inside the control panel. Hence, in 
addition to installation of the inverter, it is necessary to modify the control panel or manufacture a new control panel. 

45 

(2) Replacing an existing motor pump with an Inverter-mounted pump 
[0009] 

50 (Advantage) Essentially no modifications of the control panel or the like are necessary. 

(Disadvantage) An existing pump is required to be replaced in its entirety. Therefore, since the existing pump that 
has not fulfilled its service life is replaced, this method is disadvantageous from the viewpoint of cost 

(3) Replacing only a motor of an existing motor pump with an inverter-mounted motor 

55 

[0010] 

(Advantage) Only the motor of the pump is replaced. However, if the pump is not a direct coupling type, essentially 
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the pump assembly must be disassembled and reassembled. Essentially no modifications of the control panel are 
necessary. 

(Disadvantage) Since the motor that has not fulfilled its service life is replaced, this method is disadvantaaeous 
from the viewpoint of cost. 

5 

[001 1 ] Therefore. It is necessary to select the most effective method based on the conditions at each site 
[001 2] An even greater problem is the lack of a common method for calculating the amount of energy conservation 
achieved by using an inverter That is. no method has been established for finding the "true" requirements of a pump 
when an inverter is not used and for estimating and verifying the difference between these values and the actual oper- 
10 ating point. For this reason, even though It is known that an inverter contributes to energy conservation how much 
energy can be conserved cannot be learned. As a result, the return of investment of replacing an existing pump with an 
inverter-mounted pump, for example, cannot be calculated. This has prevented such energy conservation eauioment 
from being penneated through the market. 

[0013] As shown in FIG. 42, the flow rate-pressure characteristics (Q-H characteristics) of a centrifugal pump are 
represented by a single curved line when the horizontal axis represents flow rate (discharge flow rate) and the vertical 
axis represents total head (pressure). According to the situation, other data such as pump shaft power (output) pumo 
efficiency, suction performance (required NPSH). and electric current (In case of motor pumps) may be represented 
[001 4] As described above, there has been known a technology for controlling a rotational speed of a motor pump 
using equipment, such as an inverter (frequency converter), for changing the rotational speed of the fluid machinery 
This method is an extremely effective method for saving energy, not only in the application of the pump for a feed water 
system or the like in which a violent fluctuation of load occurs, but also in the application of the circulating pump or the 

[0015J -. As described above, a general-purpose pump is not manufactured according to a standard specification 
Specifically, the general-purpose pump is not manufactured so as to meet a certain specification (flow rate pump 
head), but such a pump having a perfomnance exceeding the required specification is selected from a stock' A decisive 
factor of conserving energy is to match the operation point of the pump to the "true" requirements in order to conduct 
efficient operations without energy loss. Here, true" requirements are defined as the minimum required flow rate and 
head that can be found only by performing actual operations at the site. A remarkable amount of energy can be saved 
by reducing the rotational speed of the pump with an Inverter 

[001 6] There have also been proposed pumps having an inverter in whteh the frequency applied to the pump can 
be controlled stepwise with an adjusting knob. As shown in FIGS. 43A and 43B. in this type of pump the Q-H charac 
teristics are represented by a plurality of curves showing the relationship between the flow rate (discharge flow rate) and 
totel head (pressure) when the frequency (rotational speed) is varied according to each number on the adjusting knob 
FIG. 43A is a partial enlarged view, and FIG. 43B is a total view. 

[001 7] However, in the conventional technology representing characteristics as shown In FIG. 42 even If an inverter 
IS used to conserve energy. It is not possible to see the relationship between discharge flow rate and total head when 
varying the rotational speed of the pump. Further, the graph contains no data related to power consumption As a result 
It is necessary to perfonm a bothersome simulation every time In orderto find the return of Investment or cost-effective- 
ness for installing an inverter. 

[0018] Although the output for each rotational speed corresponding to each number on the adjusting knob is 
included in the conventional technology representing characteristics as shown in FIGS. 43A and 43B the graph con- 
tains no data related to power consumption. Thus, it is necessary to acquire separate data such as motor efficiency and 
inverter efffclency and perform a simulation In order to learn how much energy is saved when varying the rotational 
speed. 

[0019] In other words, much time and effort is cunrently required in the conventional technology to calculate the 
return of investment when using an Inverter in a pump to save energy. Further, the energy conserving benefits of using 
pumps with inverters have not gained widespread popularity at present 

Disclosure of Invention 

[0020J In view of the foregoing, it is a first object of the present Invention to provide a diagnostic system for fluid 
machinery capable of estimating the amount of energy conservation that can be achieved using an inverter (frequency 
converter) to adjust a rotational speed of the fluid machinery before performing such adjustments. In other words the 
first object of the present invention is to provide a diagnostic system for fluid machinery capable of finding wasteful 
energy consumption in ttie fluid machinery and its peripheral devices. 

[0021 ] It is a second object of the present invention to provide an energy-saving pre-dlagnostic system for conserv- 
ing energy m fluid machinery capable of easily calculating the amount of energy conservation that can be achieved 
using an inverter (frequency converter) to adjust a rotational speed of the fluid machinery. 



3 



EP 1 072 795 A1 

[0022] It is a third object of the present invention to provide a method and material for displaying the characteristics 
of fluid machinery that are capable of easily finding the return of investment when incorporating (adding) an inverter or 
the like by including data related to power consumption in case of varying rotational speeds of fluid machinery such as 
a pump, and can aid in making energy-conserving products more widespread in the market. 
5 [0023] In order to achieve the first object, the diagnostic system for fluid machinery of the present invention has 
aspects described in (1)-(4) below. 

(1) A diagnostic system for fluid machinery comprises first identifying means for inputting prescribed data on the 
fluid machinery to be diagnosed and identifying the characteristics of the fluid machinery represented by flow rate- 

10 head characteristics; second identifying means for identifying the operating flow rate or operating pressure of the 

fluid machinery according to the relationship between the identified characteristics of the fluid machinery and a 
measured operating pressure or operating flow rate of the fluid machinery by operating the fluid machinery to be 
diagnosed and inputting the measured results of the operating pressure (head), operating flow rate, power con- 
sumption, or operating electric current of the fluid machinery in operation; and processing means for computing 

15 variations in the operating flow rate, operating pressure, or power consumption while the rotational speed of the 

fluid machinery to be diagnosed is varied, and for displaying the computed results. 

(2) A recording medium is capable of being read by a computer for storing programs to enable the computer to 
implement the functions of: identifying the characteristics of the fluid machinery represented by flow rate-head 
characteristics by inputting prescribed data on the fluid machinery to be diagnosed; identifying the operating flow 

20 rate or operating pressure of the fluid machinery according to the relationship between the identified characteristics 

and a measured operating pressure or operating flow rate of the fluid machinery by operating the fluid machinery 
to be diagnosed and inputting the measured results of the operating pressure (head), operating flow rate, power 
consumption, or operating electric current of the fluid machinery in operation; and computing variations in the oper- 
ating flow rate, operating pressure, or power consumption when the rotational speed of the fluid machinery to be 

25 diagnosed Is varied, and displaying the computed results. 

(3) A diagnostic system for fluid machinery comprises first identifying means for identifying the characteristics of 
the fluid machinery represented by flow rate-head characteristics of the fluid machinery to be diagnosed; second 
identifying means for identifying the actual operating point of the fluid machinery to be diagnosed; and processing 
means for computing variations in the operating point when the rotational speed of the fluid machinery to be diag- 

30 nosed is varied, and for displaying the computed results. 

(4) A method for diagnosing fluid machinery comprises Identifying the characteristics of the fluid machinery repre- 
sented by the flow rate-head characteristics of the fluid machinery to be diagnosed; identifying the actual operating 
point of the fluid machinery to be diagnosed; computing variations in the operating point when the rotational speed 
of the fluid machinery to be diagnosed is varied; and displaying the computed results. 

35 

[0024] According to the above aspects (l)-(4) of the present invention, the amount of energy that can be saved by 
adjusting the rotational speed with an inverter (frequency converter) can be calculated prior to performing the adjust- 
ment. 

[0025] Each of the means and each of the steps in the present invention are implemented by a computer, such as 
40 a programmed personal computer. However, some of the steps in the above aspect (4) of the present invention include 
cases that are not executed by a computer but are executed by other means (manual operations, etc.). 
[0026] In order to achieve the first object, according to another aspect of the present invention, there Is provided a 
method for identifying characteristics of fluid machinery comprising: calculating the head and shaft power for flow rates 
by determining representative points for characteristics of fluid machinery including a representative head and repre- 
ss sentative shaft power and by detemnining the ratios of head and shaft power other than the representative flow rate to 
the representative head and representative shaft power based on the port diameter of the fluid machinery, the number 
of impeller stages, and the rated output and rated rotational speed of the motor used to drive the fluid machinery: esti- 
mating provisional characteristics of the fluid machinerybased on the calculated head and shaft power; and identifying 
characteristics of the fluid machinery and the operating point including the operating flow rate by connecting the provi- 
so slonal characteristics of the fluid machinery based on measurement data including at least the head and power con- 
sumption during current operations. 

[0027] In order to achieve the second object, according to the first aspect of the present invention, there is provided 
an energy-saving pre-diagnostic system for fluid machinery, comprising: inputting means for inputting flow rate-pres- 
sure (head) and flow rate-power consumption data for fluid machinery having a motor driven by a commercial AC 
55 power, and design specifications (flow rate-pressure) in a facility side; inputting or estimating means for inputting or esti- 
mating resistance of piping (actual head) when the flow rate is zero; calculating means for calculating the reduction In 
power consumption achieved when reducing the rotational speed of the fluid machinery with a frequency converter; and 
processing means for displaying the calculated results. 
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[0028] According to another aspect of the present Invention, there is provided a recording medium capable of being 
read by a computer for storing programs to enable the computer to implement the functions of: inputting flow rate-pres- 
sure (head) and flow rate-power consumption data for fluid machinery having a motor driven by a commercial AC 
power, and design specifications (flow rate-pressure) in a facility side; inputting or estimating resistance of piping (actual 
head) when the flow rate is zero; calculating the reduction in power consumption achieved when reducing the rotational 
speed of the fluid machinery with a frequency converter; and displaying the calculated results. 
[0029] In order to achieve the third object of the present invention, the present invention has aspects described In 
(l)-(5). 

(1 ) A method for displaying the characteristics of fluid machinery, comprises displaying the flow rate-pressure char- 
acteristics of the fluid machinery varied according to the rotational speed on the same surface using a plurality of 
ounces; and displaying data related to the power consumption on the same surface. 

According to the present Invention, it is easy to find the return of investment when incorporating an inverter, for 
example, because data related to power consumption can be seen simultaneously with the flow rate-pressure char- 
acteristics of the fluid machinery for varied rotational speeds. 

(2) A display matcriol is provided for displaying the characteristics of the fluid machinery using the method 
described in the abDvc (1). This display material can be a sales brochure, such as a catalog. 

(3) A fluid machinery cr an apparatus for varying the rotational speed of the fluid machinery, comprises displaying 
the flow rate-pressure characteristics of the fluid machinery varied according to the'Tbtational speed on the same 
surface of a promotional material represented by a catalog, using a plurality of curves; and displaying data related 
to the power consump?ior or the same surface of the promotional material. 

With this construction, the return of investment can be easily viewed on a sales brochure or the like when intro- 
ducing a fluid machinery or apparatus for varying the rotational speed of the fluid machinery, such as an inverter. 

(4) A line graph for the power-consumption of fluid machinery comprises a plurality of ounces indicating the flow 
rate-pressure characteristics of fluid machinery in each of rotational speeds and displayed in a coordinate system; 
and a plurality of curves indicating the flow rate-pressure characteristics of the fluid machinery In each of values of 
power consumption and displayed in the coordinate system. 

(5) A calculating and graphing system, comprises a computer for obtaining the display material of claim 28 or the 
line graph of claim 30. by inputting data for the flow rate-pressure characteristics and flow rate-power consumption 
characteristics of fluid machinery having a motor driven by a commercial AC power. Further, a recording medium 
is capable of being read by a computer for storing programs to enable the computer to Implement the calculating 
and graphing system. 

Brief Description of Drawings 

[0030] 

FIG. 1 Is a block diagram showing the hardware configuration of a diagnostic system for fluid machinery according 
to the present invention; 

FIG. 2 is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
system; 

FIGS. 3A and 3B are graphs showing characteristic curves for the fluid machinery to describe the process of the 
diagnostic system; 

FIGS. 4A and 4B are graphs showing characteristic curves for the fluid machinery to describe the process of the 
diagnostic system; 

FIGS. 5A and SB are graphs showing characteristic curves for the fluid machinery to describe the process of the 
diagnostic system; 

FIG; 6 is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
system; 

FIG. 7 is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
system; 

FIG. 8 Is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
system; 

FIG. 9 Is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
system; 

FIG. 1 0 Is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
system; 

FIG. 1 1 Is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
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system; 

FIG. 12 is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 

system; 

FIG. 13 is a flowchart showing the general process flow performed in the diagnostic system for fluid machinery 
5 shown in FIGS. 1 through 12; 

FIG. 14 is a side view showing a mounting configuration of a performance regulating apparatus for fluid machinery 
according to a first embodiment; 

FIG. 15 is a side view showing a mounting configuration of a performance regulating apparatus for fluid machinery 
according to a second embodiment; 
10 FIGS. 16A and 16B are views showing a detailed structure of the performance regulating apparatus shown in FIG. 

14, and FIG. 16A is a front view with a partially cross-sectional part and FIG. 16B is a side view; 
FIG. 17 is a cross -sectional view taken along line XVII-XVII of FIG. 16A; 

FIGS. 18A and 18B are views showing a detailed structure of the mounting configuration used with a performance 
regulating apparatus shown in FIG. 15, and FIG. 18A is a front view with a partially cross-sectional part and FIG. 
15 1 SB is a plan view; 

FIG. 19 is a cross-sectional view taken along line XIX-XIX of FIG. 18A; 

FIGS. 20A and 20B are views showing a mounting configuration used with a performance regulating apparatus for 
fluid machinery according to a third embodiment, and FIG. 20A is a side view and FIG. 20B is a view as viewed 
from an arrow XX of FIG. 20A; 

20 FIGS. 21 A and 21 B are views showing another embodiment of the mounting configuration used with a performance 

regulating apparatus for fluid machinery shown in FIGS. 14 through 20, and FIG. 21 A is a front view and FIG. 21 B 
is a side view; 

FIG. 22 is a graph showing characteristic curves for the fluid machinery to describe the process of the diagnostic 
system; 

25 FIG. 23 is a schematic view showing an example of the diagnostic system that can be brought to the work site of 
the fluid machinery; 

FIG. 24 is a graph showing dimensionless pump characteristics (flow rate-head and flow rate-shaft power) for spe- 
cific speeds; 

FIG. 25 Is a graph showing a specific speed-pump efficiency characteristic curve; 
30 FIGS. 26A through 26D are views showing the stages of estimating provisional pump characteristics, identifying the 

operating point (flow rate), and correcting the provisional characteristics using flow rate calculated from the head 
and power consumption during current operations and estimated values of the efficiency of the fluid machinery and 
efficiency of the motor; 

FIGS. 27A through 27D are views showing the stages of estimating provisional pump characteristics, identifying the 
35 operating point (flow rate), and correcting the provisional characteristics using flow rate calculated from the head 

and the power consumption during current operations and estimated values of the efficiency of the fluid machinery 

and the efficiency of the motor, and the head and the power consumption during shutoff operations; 

FIGS. 28A through 28D are views showing the stages of estimating provisional pump characteristics, identifying the 

operating point (flow rate), and correcting the provisional characteristics using flow rate calculated from the head 
40 and the power consumption during current operations and estimated values of the efficiency of the fluid machinery 

and the efficiency of the motor, and the head and the power consumption during operations when the valve is fully 

open; 

FIGS. 29A through 29D are views showing the stages of estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional characteristics using flow rate calculated from the head 
4$ and the power consumption during current operations and estimated values of the efficiency of the fluid machinery 

and the efficiency of the motor, and the head and the power consumption during both shutoff operations and oper- 
ations when the valve is fully open; 

FIGS. 30A through SOD are views showing the stages of estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional characteristics, wherein the operating point (flow rate) is 
50 identified from the provisional characteristics and the head during current operations, while the provisional charac- 
teristics are corrected according to the current power consumption; 

FIGS. 31 A through 31 D are views showing the stages of estimating provisional pump characteristics, identifying the 
operating point (flow rate), and correcting the provisional characteristics, wherein the operating point (flow rate) is 
identified from the provisional characteristics and the head during current operations, while the provisional charac- 
55 teristics are con-ected according to the current power consumption and the head and power consumption when the 
valve is fully open; 

FIG. 32 is a graph showing characteristic curves for the fluid machinery to describe the process of an energy-sav- 
ing pre-diagnostic system for fluid machinery according to the present invention; 
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FIG. 33 is a graph showing characteristic curves for the fluid machinery to describe the process of an energy-sav- 
ing pre-diagnostic system for fluid machinery; 

FIG. 34 is a view showing the output indicative of diagnostic results from an energy-saving prc-diagnostic system 
for fluid machinery; ' 
5 FIG. 35 is a table showing the area A of FIG. 34; 

FIG. 36 is a schematic view showing an example of the energy-saving pre-diagnostic system for fluid machinerv 
employing a personal computer; ' 
FIG. 37 is a graph showing the characteristics of the fluid machinery in a method and material for displaying the 
characteristics according to a first embodiment of the present invention; 
10 FIG. 38 Is a graph showing an example of a trial calculation of the return of Investment in case of Introducinq an 
inverter; ^ 

FIG. 39 is a graph showing the characteristics of the fluid machinery in a method and material for displaying the 
characteristics according to a second embodiment; 

FIG. 40 is a graph showing the characteristics of the fluid machinery in a method and material for displayina the 
15 Characteristics according to a third embodiment; 

FIG. 41 is a flowchart showing the general process flow performed in a calculating and graphing system- 
FIG. 42 is a graph showing an example of display of a pump performance curve according to the prior art- and 
FIGS. 43A and 43B are graphs showing another example of display of pump performance curves according to the 
prior art. 
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[0031 ] A diagnostic system for fluid machinery according to preferred embodiments of the present Invention will be 
described with reference to the accompanying drawings. 

[0032] A diagnostic system for fluid machinery comprises a first identifying means for identifying the characteristics 
of the fluid machineiy represented by flow rate-head characteristics by inputting specified data on the fluid machinery 
to be diagnosed; a second identifying means for identifying the operating flow rate or operating pressure of the fluid 
machinery according to the relationship between the identified characteristics and a measured operating pressure or 
operating flow rate of the fluid machinery by operating the fluid machinery to be diagnosed and inputting the measured 
results of the operating pressure (head), operating flow rate, power consumption, or operating electric current of the 
fluid machinery in operation; and a processing means for computing variations in the operating flow rate operating 
pressure, or power consumption when the rotational speed of the fluid machinery to be diagnosed is changed and for 
displaying the computed results. ^ 
[0033] FIG. 1 shows the hardware configuration of the diagnostic system for fluid machinery according to the 
present embodiment In the present embodiment, a pump will be described as an example of the fluid machinery 
[0034J The diagnostic system for fluid machinery comprises a main controller 1 for controlling the overall system 
and a mam storage unit 2 connected to the main controller i . The main controller 1 comprises a control unit 3 and an 
arithmetic unit 4. The main controller 1 Is also connected to an Input device 5 including a keyboart. mouse or the like 
and an output device 6 including a printer, display, or the like. In FIG. 1. bold an-ows show the flow of data and programs 
40 while the thin arrows show the flow of control signals. 

[0035J The main controller 1 has an internal memory (not shown) for storing control programs such as an operating 
system, a program prescribing the diagnostic procedure for the fluid machinery, and required data, and these programs 
implement the first identifying means, the second identifying means and the processing means. The main storage unit 
2 compnses a hard disk, floppy disk, optical disk, or the like and stores data for various models of pumps currently 
appeanng on the market. This data does not necessarily have to be accurate for each pump. The data may be averaged 
data or modeled element data for identifying the pump characteristics with a certain degree of accuracy by inouttina a 
port diameter or output. ' K-iu-'a- 

[0036] According to the present invention, by the first identifying means incorporated in the main controller 1 it is 
possible to Identify, for example, the characteristics of the motor pump to be diagnosed. More specifically, the folloiiving 
example values on the pump rating plate (or nameplate) are referenced and inputted into the input device 6. 

• Port diameter of pump 

• Rated output of motor (or nominal output of pump) 

• Number of poles of motor 

55 • Operating frequency of motor 

• Number of Inpeller stages 

The first identifying means identifies the flow rate-head characteristics and flow rate-power consumption characteristics 
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of the pump on the basis of the above data. This identification can be made by selecting data stored in the main storage 
unit 2 that most closely resembles the referenced data. In addition to the above data, the rating plate specifications, 
model name, the number of impeller stages, outer diameter of the impeller, pump test data, and the like are included in 
data inputted into the input device 5. 

5 [0037] Identified characteristics are displayed with one solid line, broken lines and diagonal lines as shown in FIG. 
2. FIG. 2 shows the flow rate-head characteristics and flow rate-power consumption characteristics of the pump, where 
the horizontal axis represents flow rate (Q) and the vertical axis represents head (H) or power consumption (W). As 
shown in FIG. 2, the first identifying means identifies the flow rate-head characteristics and flow rate-power consump- 
tion characteristics of the pump with a prescribed width based on the input results. Hence, the region of a diagonal line 

10 portion a is Identified. The broken lines represent the upper and lower limits of the diagonal line portion a, while the 
solid line is a centerline of the area shown by the diagonal line portion a. The identified results by the first identifying 
means are displayed on the output device 6, which includes a liquid crystal display or the like. The diagonal line portion 
a is refined on the basis of input data and becomes narrower in area. For example, the characteristics can be identified 
with higher accuracy if the manufacturer and model name of the pump are known, and hence, the area of the diagonal 

15 line portion a can be minimized, as shown in the progression from FIG. 3A to FIG. SB. 

[0038] The results o' idcnt fication by the first identifying means are further refined by inputting the power consump- 
tion of the fluid machinery at the actual operating point. That is, the power consumption of the motor during actual oper- 
ations is measured and the result is inputted into the input device 5 to refine the Identification. Here, the region of the 
diagonal line portion a is revised to include the value of actual power consumption for the rfidtor, as shown in the pro- 

20 gression from FIG. 4A to FIG 4B 

[0039] The results of identification by the first identifying means are further refined by inputting the operating pres- 
sure and power consumption ouhng actual shutoff operations, as Illustrated in the progression from FIG. 5A to FIG. 58. 
Specifically, the diagonal line portion a is corrected to include the values of the operating pressure and power consump- 
tion during actual shutoff operations. — - 

25 [0040] The results of identification by the first identifying means may be corrected further by inputting test data (flow 
rate-head and flow rate-power consumption) for the pump obtained in the factory prior to shipment, for example. In this 
case, it is possible to identify the characteristics of the pump with a very high degree of accuracy, as shown in FIG. 6. 
Actually, an identification near the accuracy of that shown in FIG. 6 may be possible by inputting only some of the above 
data without requiring input of test data for the pump, in this case, it is possible to obtain an identification similar to that 

30 of FIG. 6 by selecting the centerline through the area of the diagonal iine portion a after achieving the refinement shown 
in FIG. 58. 

[0041] By using the second identifying means on the pump characteristics identified by the first identifying means, 
it is possible to identify the operating point of the pump in this facility or equipment. Identification by the second identi- 
fying means is performed by operating the pump to be diagnosed; measuring the actual operating pressure (head), 
35 operating flow rate, or power consumption; and inputting this measurement into the input device 5. 

(1) In case of inputting the operating pressure 

[0042] The operating pressure is calculated by measuring the suction pressure and discharge pressure of the 
40 pump. By inputting the operating pressure, it is possible to identify the operating flow rate and power consumption, as 
shown in FIG. 7, by finding an intersecting point between the flow rate-head characteristic curve and the flow rate-power 
consumption characteristic curve. 



45 



(2) In case of inputting the operating flow rate 

[0043] The operating flow rate is measured with a flow meter. By inputting the operating flow rate, it is possible to 
identify the operating pressure (head) and power consumption, as shown in FIG. 8, by finding an intersecting point 
between the flow rate-head characteristic curve and the flow rate-power consumption characteristic curve. 

50 (3) In case of inputting power consumption 

[0044] The power consumption of the motor during operations is measured with a wattmeter. By inputting the power 
consumption, it is possible to identify the operating pressure (head) and operating flow rate, as shown in FIG. 9, by find- 
ing an intersecting point between the flow rate-head characteristic curve and the flow rate-power consumption charac- 
55 teristic curve. The operating current of the motor can also be measured and inputted In place of the power consumption 
data. 

[0045] Actually, however, expensive measuring equipment is required to measure flow rate and power consump- 
tion, and such work is time-consuming. The operating pressure, on the other hand, can be easily calculated simply by 
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attaching a compound pressure gauge to the suction side of the pump and a pressure gauge to the discharge side of 
the pump. 

[0046] It is convenient to find the actual head and input this value before utilizing the processing means. This is 
because it is possible to calculate the system head curve on the facility side (piping side) with the actual head. The fol- 
5 lowing expressions are in relation to FIG. 10. 



[0047] Therefore, K ^ = (H ^ - H,) / Q ^ ^ , where Hi is the total head, Hq is the actual head, and is the flow rate. 
70 [0048] Hence, by Identifying Q^, H^, and Hq, it is possible to find Ki. 

[0049] Therefore, the resistance F on the facility side (piping side) can be found for any flow rate Q, as follows: 



15 The actual head can be accurately determined with a controller described later. If it is difficult to find the actual head, it 
is possible to Input provisional values for approximately three types of actual heads, represented by models 1, 2, and 3 
in FIG. 11. 

[0050] Next, the function of the processing means will be described. 

[0051 ] In FIG. 1 2, the curve ae shows the flow rate-head characteristics of a pump identified by the first identifying 
20 means. The curve ag includes a plurality of points which are not shown. The coordinates of these points are defined by 
flow rate and head, as in (q^, h^), (q2. 

[0052] The processing means establishes a rotational speed ratio for these points. If the rotational speed ratio is 
0.95, for example, then q-i Is shifted to qi x 0.95 and h^ is shifted to hi x 0.95^, This generates the points (0.95qi, 

0.95^hi), (0.95q2, 0.95^h2) The curve ay is the line connecting these points. This process is repeated for rotational 

25 speed ratios of 0.90, 0.85, 0.80, ... to form curves ots-ai. 

[0053] The curve P is the system head curve on the facility side (piping side) calculated by the above-described 
method shown in FIG. 10. The point denoted by (8) in the drawing is the actual operating point, while points (7)-(1) are 
the operating points obtained by calculations in case of varied rotational speeds. 

[0054] The curve 73 indicates the flow rate-power consumption characteristics of the pump identified by the first 
30 identifying means. The curve jq includes a plurality of points which are not shown. The coordinates of these points are 
defined by flow rate and power consumption, as in (q^, w^). (q2, W2) 

[0055] The processing means establishes a rotational speed ratio for these points as described above. If the rota- 
tional speed ratio is 0.95, for example, then q^ is shifted to q^ x 0.95 and w^ is shifted to w^ x 0.96^. 
[0056] This example assumes that the pump efficiency and the motor efficiency do not change, even when the rota- 
35 tional speed changes. Nor does the example consider heat loss due to frequency conversion when using an inverter. 
The power consumption may be more accurately calculated by considering these factors. 

[0057] As described above, this process generates the points (0.95qi, 0.95^ w^), (0.95q2. 0.95^2) The curve 

77 Is the line connecting these points. This process is repeated for rotational speed ratios of 0.90, 0.85, 0.80, ... to form 
curves yQ-y^. The power consumption corresponding to the operating points of (8)-(1) are indicated by points on the 
4o curves 73-71 • 

[0058] The triangle with diagonal lines in FIG. 12 indicates the design point of the equipment Hence, when a flow 
rate of 3500 \/m\n Is required, then the piping resistance that includes actual head Is determined to be 38.5 meters 
according to calculations. However, the point (8) is the actual operating point. 

[0059] The discrepancy between the design point and the actual operating point is generated by the factors 
45 described above (refer to the prior art section). In this example, the flow rate during actual operations exceeds the flow 
rate at the design point by 40 percent. 

[0060] The processing means displays the proper rotational speed of the pump for the flow rate at the design point 
and the power consumption at that rotational speed (operating point). In this example, point (4) is the proper operating 
point. A comparison of the proper operating point (4) and the actual operating point (8) is shown in Table 1 below. 



Hi -Ho = K,q/ 



F=Ho+K,Q2 = Ho-t-(H, - Ho) (O/Q.f 



so 
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Table 1 



5 


^'"^""^--^..Operatlng point 
Item ^"""""^---^ 


Actual operating point 
(8) 


Proper operating point 
(4) 


10 


Row rate 


4900 1/mln 


3500 l/min 




Head 


27.5 m 


21 m 


15 


Rotational speed ratio 


1.0 


0.8 




Power consumption 


38 kW 


19 kW 



20 



[0061] As seen in the table, a 50 percent reduction in power consumption can be obtained. 
[0062] In the example described above, the flow rate at the design point is defined as the proper operating point. 
25 However, this is not always true. It is actually more common to set the flow rate at the design point slightly larger than 
the required flow rate in order to provide some margin. In this case, it is possible to further lower the rotational speed 
and further reduce power consumption. Hence, by performing operations at the "true" requirements, an energy-saving 
can be achieved. 

[0063] Establishing provisional values for the actual head, as shown in FIG. 11, would generate three curves 3 
30 shown in FIG. 12. In this case, it is possible to either identify one curve p by further narrowing the conditions and output 
one diagnostic result by comparing this curve to the design point of the equipment, or output 3 diagnostic results based 
on comparing each curve P to the design point of the equipment. 

[0064] FIG. 13 is a flow chart showing an outline of the process flow performed in a diagnostic system for fluid 
machinery shown in FIGS. 1 through 12 and described above in detail. 

35 [0065] In step 1 , data (the port diameter of the pump, rating output of the motor, and the like) for identifying the char- 
acteristics of the fluid machinery which is to be diagnosed and is actually in operation is inputted into the input device 5. 
[0066] In step 2, data (measured values such as the operating pressure, operating flow rate, or the like) for identi- 
fying the operating point of the fluid machinery which is actually in operation is inputted into the input device 5. 
[0067] in step 3, data (the actual head or the like) for identifying the resistance characteristics on the facility side is 

40 inputted into the Input device 5. 

[0068] In step 4, the transition of the operating point for the fluid machinery caused by a change in the rotational 
speed of the fluid machinery is calculated by the arithmetic unit 4 and displayed on the output device 6. 
[0069] In this manner, according to the present invention, the amount of wasteful energy consumed in the pump or 
its peripheral devices can be found without the need for bringing an inverter or the like to the work site. Accordingly, it 

45 Is possible to clarify the retum of investment or cost-effectiveness when introducing an Inverter or the like, and therefore 
to help popularize energy saving systems on the market. 

[0070] As a means for eliminating wasteful energy found in the method described above, the present Invention pro- 
poses a controller having a frequency converter as its main component. The applicant of the present invention proposes 
a performance regulating apparatus for the fluid machinery for use in combination with the present invention as an opti- 
50 mal controller. 

[0071] A suitable performance regulating apparatus for fluid machinery for use in combination with the present 
invention will be able to adjust or regulate the perfomnance of a pump easily in order to save energy. Specifically the 
perfonnance regulating apparatus enables the performance of the pump to be adjusted simply by adding an inverter 
and essentially without changing the existing pump and control panel. 
55 [0072] Next, the performance regulating apparatus for fluid machinery will be described. 

[0073] FIG. 14 shows a mounting configuration of a performance regulating apparatus for fluid machinery accord- 
ing to a first embodiment of the present Invention. A pump unit 101-comprises a pump 103 and a motor 104 mounted 
on a common base 102. Fluid introduced through a suction pipe 105 passes through a suction-side gate valve 106 and 
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a short pipe 1 07 and is sucked into the pump 1 03 via a suction port 1 03a. After the pressure of the fluid is increased in 
the pump 1 03. the fluid is discharged from a discharge port 103b. The discharged fluid is introduced into the discharge 
pipe 110 through a check valve 108 and a discharge-side gate valve 109. 

[0074] A performance regulating apparatus 1 1 1 for fluid machinery (hereinafter referred to as regulating apparatus) 
. 5 is mounted on the short pipe 107 through a heat radiating means 112. The heat radiating means 1 12 is composed of 
an aluminum alloy having good thermal conductivity. In the present embodiment, the heat radiating means 1 12 is fixed 
to the regulating apparatus 1 1 1 by bolts (not shown), and also fixed to the short pipe 107 via U-bolts (not shown). 
[0075] Electric power supplied from a control panel 1 13 is supplied from an input cable 1 14 as an input means of 
the regulating apparatus in to a frequency converter housed In the regulating apparatus ill, which converts the fre- 
10 quency of the supplied electric power. The electric power whose frequency has been converted is supplied from an out- 
put cable 1 1 5 as an output means of the regulating apparatus 1 1 1 to the electric motor 1 04. Although heat loss occurs 
in the regulating apparatus 1 1 1 due to the frequency conversion, In the present embodiment, the generated heat Is 
transferred to the fluid handled by the pump via the heat radiating means 1 12 and the short pipe 107. 
[0076] FIG. 1 5 shows a mounting configuration of a regulating apparatus according to a second embodiment of the 
75 present invention. A pump unit 101 comprises a pump 103 and a motor 104 mounted on a common base 102. Fluid 
introduced through a suction pipe 1 05 passes through a suction-side gate valve 1 06 and a short pipe 1 07 and is sucked 
into the pump 103 via a suction port 103a, After the pressure of the fluid is increased In the pump 103, the fluid is dis- 
charged from a discharge port 103b. The discharged fluid is introduced into the discharge pipe 110 through a check 
valve 108 and a discharge-side gate valve 109. 
20 [0077] Electric power supplied from a control panel 113 is supplied from an input cable 1 14 as an input means of 
the regulating apparatus 111 to a frequency converter housed in the regulating apparatus 111, which converts the fre- 
quency of the supplied electric power. The electric power whose frequency has been converted Is supplied from an out- 
put cable 115 as an output means of the regulating apparatus 1 1 1 to the electric motor 104. 

[0078] In the embodiment shown in FIG. 15, a heat radiating means 1 12 is composed of a water-cooled jacket of 

25 Stainless steel, andjg fixed to the regulating apparatus 1 1 1 by bolts (not shown) and to a flange bolt on the short pipe 
107 via an L-shaped mounting bracket 1 16. The fluid discharged from the pump is introduced into the heat radiating 
means 1 1 2 via a small pipe 1 1 7. and subsequently bypassed into the suction side of the pump via a small pipe 1 1 8, 
[0079] In the present embodiment, heat generated during frequency conversion is radiated through the heat radi- 
ating means 112, the small pipe 1 1 7, and the small pipe 1 1 8 into the fluid handled by the pump. 

30 [0080] In the present embodiment, as shown In FIG. 15, a thermal insulation is provided in the area Indicated by a 
dotted line 1 1 9. This thermal insulation prevents heat from being transferred from the surface of the pipes to the atmos- 
phere during cooling water circulation and the like. In this case, rt is difficult to employ the mounting configuration of the 
first embodiment shown in FIG. 14, but the mounting configuration of the present embodiment is effective. 
[0081] FIGS. 1 6A and 1 6B are views showing a detailed structure of the regulating apparatus shown in FIG. 14, and 

35 FIG. 1 6A is a plan view with partially cross-sectional part and FIG. 1 6B is a side view. 

[0082] A heat radiating means 1 1 2 is fixed to the short pipe 1 07 by U-botts 120. The Input cable 1 14 and the output 
cable 115 ensure an airtightness with the regulating apparatus 1 1 1 by a method similar to underwater cables used in 
submerged motor pumps, for example. An O-rIng 121 is provided to prevent external air from being Introduced Into the 
apparatus through the contact surfaces of the heat radiating means 1 12 and the regulating apparatus 111. 

40 [0083] Next, the peripheral construction of the regulating apparatus 1 1 1 will be described with reference to FIG. 1 7 
which is a cross-sectional view taken along line XVII-XVtl of FIG. 16A. A frequency converter 48 is housed in a case 
comprising a base 46 and a cover 47. The base 46 and the cover 47 are fixed together through a seal member 58 by 
bolts (not shown) to thereby keep an airtightness against external atmosphere. 

[0084] The frequency converter 48 is fixed closely to the base 46 in order to transfer generated heat to the base 46. 

45 In the same manner, the base 46 and the heat radiating means 1 12, and the heat radiating means 112 and the short 
pipe 107 are closely fixed to each other, respectively. As a result, heat generated in the frequency converter is trans- 
ferred efficiently to the fluid handled by the pump, thereby eliminating the need of a cooling fan or the like used in gen- 
eral-purpose inverters. Hence, there is no fear of poor cooling caused by a fan failure. The heat radiating means 112 is 
fastened to the base 46 by bolts 56. Further, since the inside of the case is cut off from external atmosphere, the fre- 

so quency converter is not likely to suffer from insulation deterioration caused by weather or dew condensation. 

[0085] FIGS. 1 8A and 1 8B are views showing a detailed structure of the regulating apparatus shown in FIG. 1 5. and 
FIG. 18A is a front view with partially cross-sectional part and FIG. IBB is a plan view. A heat radiating means 112 is 
composed of a water-cooled jacket of stainless steel and is provided with a fluid inlet/outlet 122. The Input cable, the 
output cable, and the O-ring 121 have the same structure as those in the example of FIG. 16. 

55 [0086] Next, the peripheral construction of the regulating apparatus 1 1 1 will be described with reference to FIG. 19 
which is a cross-sectional view taken along line XIX-XIX of FIG. 18A. A frequency converter 48 is housed in a case 
comprising a base 46 and a cover 47. The base 46 and the cover 47 are fixed together through a seal member 58 by 
bolts (not shown) to thereby keep an airtightness against external atmosphere. 
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[0087] The frequency converter 48 is fixed closely to the base 46 In order to transfer generated heat to the base 46. 

In the same manner, the base 46 is closely fixed to the heat radiating means 112. As a result, heat generated in the 

frequency converter is transferred efficiently to the fluid handled by the pump, thereby eliminating the need of a cooling 

fan or the like used in general-purpose inverters. 
5 [0088] Ribs 123 have three roles. The first role is to enhance the strength and rigidity of the heat radiating means 

1 12 in order that the water-cooled jacket is not deformed by the pressure of the fluid. The second role is to guide the 

flow of fluid within the jacket in order to preserve its holding time therein. The third role is to improve the radiating effect 

by increasing the area of contact with the fluid. According to the present embodiment, the apparatus can be easily and 

effectively cooled, even if a thermal insulation is provided around the piping. 
10 [0089] Next, a third embodiment of the present invention will be described with reference to FIGS. 20A and 20B. 

The basic structure of the apparatus in the third embodiment is the same as that In the first and second embodiments. 

However, the regulating apparatus 1 11 of the third embodiment is an air-cooled type that includes a coupling 126 joining 

the pump 1 03 and the motor 104 and utilizes the airflow generated by the rotation of the coupling 126. 

[0090] As shown in FIG. 20B (view as viewed from an arrow XX of FIG. 20A), a coupling guard is disposed around 
15 the coupling 126 for preventing accidents. In the present embodiment, the coupling guard serves as a heat radiating 

means 112. 

[0091] Here, the coupling guard (heat radiating means) 1 12 is composed of an aluminum alloy and provided with a 
plurality of cooling ribs (fins) 128 for improving the cooling effect of the air flow described above. The structure of the 
case is the same as that in the first and second embodiments, and the case can withstand wind and rain. 
20 [0092] Next, the embodiment shown in FIGS. 21 A and 21 B will be described. FIGS. 21 A and 21 B show another 
embodiment of the apparatuses shown in FIGS. 14 through 20, and FIG. 21 A is a front view and FIG. 21 B is aside view. 
In brief, the present embodiment is different from other embodiments in that the output cable 115 is provided on the 
base 46. 

[0093] This construction is even simpler, because there is no need to mount the output cable 1 1 5 on the heat radi- 
os ating means 1 1 2. Further, it is obvious that this construction can be applied both to the water-cooled jacket type and the 
air-cooled type. 

[0094] In FIGS. 16A, 168. 18A, 21 A, and 218, a screw cap 124 is provided for ensuring an airtightness against 
external atmosphere via an O-ring (not shown) interposed therebetween. An adjusting means for adjusting output fre- 
quency is provided inside the screw cap 124. For example, the adjusting means comprises a rotary step switch for 

30 appropriately adjusting the rotational speed of the fluid machinery. 

[0095] As is intentionally not shown in the drawings, in the present invention, there is no component corresponding 
to a switch for turning output from the frequency converter on and off. Thus, the frequency converter is constructed to 
provide output automatically when electric power is supplied thereto. Accordingly, there is no restriction on a position 
where the apparatus Is attached to the pipe. For example, the apparatus can be mounted at a position out of reach from 

35 children or in a small space, because the fluid machinery starts and stops simply by turning the power on and off. 

[0096] By incorporating the performance regulating apparatus (hereinafter referred to as controller) for fluid 
machinery shown in FIGS. 14 through 218 in the system of the present invention, it is possible to find the amount of 
wasteful energy in the fluid machinery with good accuracy. This controller can set the output frequency to eight different 
settings at a 5 percent step. Since these steps correspond to the rotational speed ratio of the processing means 

40 described above, it is possible to verify the actual power consumption while operating the system. In the processing 
means described above, heat loss by the inverter was ignored. However, an accurate value for power consumption can 
be calculated as measured data by actually driving the apparatus with the inverter. 

[0097] This controller serves as not only a means for estimating the amount of wasteful energy but also an 
extremely effective means for eliminating the estimated wasteful energy. This is because the controller can withstand 
4S use in the outdoors, which is a common installation site for pumps. The controller is not required to be housed in a con- 
trol panel, and hence any special alteration or construction expenses are not required. The controller can be taken to 
the site, installed, and tested to determine whether it is cost-effective. Then, if it is cost-effective, the controller may be 
left installed. 

[0098] By using this controller, the actual head can be found with great accuracy. As shown in FIG. 22, the operating 
so pressure (head) when the valve (gate valve) is open is compared to the operating pressure when the valve is closed, 
while varying the rotational speed of the pump, and the actual head is found at the point where there is no difference 
between the two operating pressures. As shown in Table 2. the actual head in this example is 19 meters. 
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Table 2 



No. 


(8) 


(7) 


(6) 


(5) 


(4) 


(3) 


(2) 


(1) 


Rotatior 


laJ speed ratio 


1.0 


0.95 


0.90 


0.85 


0.80 


0.75 


0.71 


0.67 


Head 


Valve closed 


41.5 


37.5 


33.5 


30 


26 


23 


21 


19 


(m) 


Valve open 


32 


29.5 


27.5 


25.5 


23.5 


22 I 


20 


19 . 



Actual head: 19 m 



75 



20 



2S 



30 



35 



40 



4S 



SO 



SS 



[00991 According y the actual head can be easily found using the controller of the present Invention, even in the 
case Where the actual head is difficult to be found (for example, with a complex piping system). By inputting this va 
mto the ,nput devK:e 5 and executing the processing means, the accuracy of the system is furtherLprovrd 
imn^L.t L «*enfrfying means, the second Identifying means, and the processing means described above are 

implemented as programs for operating a computer and stored on a storage medium. This storage medium can be 
•!n3aTn ^ '^"^ °' <^"ied to the site of the pump 

bp HiVonnJi^T^^ ^^""'^ ^" TT!^ equipment that can be carried to the operating site of the fluid machinery to 
be diagnosed. This equipment includes a personal computer PC comprising a main controller 1 (having a control unrt 
3 and an arrthmetic unit 4). a main storage unit 2. an input device 5, and an LCD forming part of an output d^fce 6 a 

grams: and a printer PR forming another part of the output device 6. The equipmerrt further includes a compound pres- 
sure gauge CpG attached to the suction side of the fluid machineiy such as a pump; a pressure gauge attached to 
the d^charge side; and a power meter Pw for measuring power consumption of the motor for driving the fluW r^achii° 

[0102] As described above, the present invention can find the amount of wasteful energy consumption in the fluid 
machinery and rts peripheral devices. Specifically, the amount of wasteful energy consumeJin the Zd maclei^^nd 
Its peripheral devices can be estimated without installing an inverter on the sfte. Accordirigly. the return onnve7ment- 

SminL f f°"troller (perfomiance regulating apparatus) of the present Invention makes it possible to Identify and 
e irnmate wasteful energy. Since the controller of the present invention has the effect of decreasing the rx)tationa soeed 
rnTriy XK^'"""^' ' ^^^"^ *° ^^"'^ °' ''^^""S^. mechanical seals and the T 

SlntL nZr!ftT^ ^"^"^ ^^'""9 <«39"os's without Shutting off the pump, changing the 

opening degree of the valve or causing some other hindrance to the user's equipment In other words the diagnosis 
can be executed dunng equipment operations, on a workday rather than a holiday 

n°rI^S. ,r» 'T"*'°u" ^""^'^ ^" ^"^'^y ^^^'"9 °^ areater accuracy is required. This 

S^ree oT*e7a"r °^ '^e opening 

ctl,m J?n.^r*T"'^"l? ^""^'^ *° P^'^""" appropriate measures as required by 

r^nk smaTr capaci^ ^ ^ controller or converting the fluid machinery to a small fluid machinery having a one 

Sl^!? f ^'"^ ^'^'^"'^ t possible to perfomi a simple trial 

calculation of energy conservation achieved by increasing the piping diameter by one rank 

[01081 Next, a method for identifying characteristics of fluid machinery according to the present invention will be 
described based on the example of a centrifugal pump. The following method employs the first and second identifying 
means of the embodiments shown in FIGS. 1 through 13. laeninying 

S3„»i on^H "^^°J centrifugal pumps are designed so as to cope with port diameters, motor output and 
Of ^Te fn^H^! h "^H '^•^ " ""^tely detemiined by the port diameter and the rated rotational speed 

Of the motor, and the head is approximately determined by the motor output Therefore, the specific speed N« <rf the 

t^on«l Z ^^r'"" "^"^ ""'"'^^^ °^ ""P^''^^ stages, and the motor ou^ut aSd rote 

tional speed. Here, the specrfic speed Ng is defined by the following expression and used at the design stage. 
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Here, N denotes the rotational speed, Q the flow rate, and H the head at a single impeller stage. 
[01 1 0] Characteristics of the pump including the flow rate-head characteristics and flow rate-shaft power character- 
istics vary according to specific speed. The pump efficiency also varies according to specific speed. The above pump 
characteristics (the flow rate-head characteristics and flow rate-shaft power characteristics) can be depicted for specific 

5 speeds as dimensionless characteristics of the pump, shown in FIG. 24. The pump efficiency can be arranged as spe- 
cific speed-pump efficiency characteristics, shown in FIG. 25. In FIG. 24, the horizontal axis represents dimensionless 
flow rate (Q), while the vertical axis represents both dimensionless head (H) and dimensionless shaft power (kW). The 
characteristics of the pump are indicated for specific speeds (Ng) of 560. 400, 280. .... 50. In FIG. 25, the horizontal axis 
represents specific speed (Ns), while the vertical axis represents pump efficiency r\ (%). 

10 [0111] Hence, by setting representative points (flow rate, head, and shaft power having dimensions) in FIG. 24, it 
Is possible to estimate the overall pump characteristics as provisional characteristics. 

[0112] Once the provisional characteristics of the pump have been estimated, the characteristics of the fluid 
machinery can be identified by correcting the provisional characteristics so that they match the pump operating point 
(flow rate) and measured data (head and power consumption) during pump operations. Data for FIGS. 24 and 25 is pre- 
15 pared in a database. 

[0113] Next, the stages of estimating provisional pump characteristics, identifying the operating point (flow rate), 
and correcting the provisional characteristics are described with reference to FIGS. 26A through 26D. Here, the provi- 
sional characteristics are corrected using flow rate calculated from the head and power consumption during current 
operations and estimated values of the efficiency of the fluid machinery and the efficiency of the motor. 
20 [0114] In the step shown in FIG, 26A. data is inputted into the input device 5 shown in FIG. 1 . This data includes 
the pump type data including the port diameter (0) and the number of stages (STG): the motor data including rated out- 
put (Po) and rated rotational speed (N); and measured data including the head (H) and power consumption (Pi) during 
current operations. 

[0115] Next, the main controller 1 shown in FIG. 1 performs the following five steps to create the provisional pump 
25 characteristics shown \rx FIG. 26B. In step 1 . the specific speed (Ns) is identified by the pump port diameter (0) and the 
number of stages (STG), the rated output (Pq) of the motor and the rated rotational speed (N) of the motor. In step 2, 
the flow rate at the best efficiency point (Qbep) »s identified by the pump port diameter (0) and the number of stages 
(STG), the rated rotational speed (N) of the motor, and the specific speed (Ns). Here, Qbep "s defined as flow rate at 
the best efficiency point, (n step 3, the pump efficiency (tip) is identified by the pump port diameter (0) and the number 
30 of stages (STG) and the specific speed (Ns). In step 4, the head at the best efficiency point (Hbep) is calculated accord- 
ing to the expression H g^p = r| p • Po/0.163 • 7 * Q bep • "^BEP "s defined as pump heat at the best efficiency 
point, and y is the specific weight of the fluid. In step 5, provisional pump characteristics as shown by the dotted lines in 
FIG. 26B are created using the dimensionless characteristics of the pump shown in FIG, 24 based on the identified spe- 
cific speed and representative point [{Qbep ^bep) and (Qbep Po)1- That is, a flow rate-head characteristic curve confe- 
ss spending to the specific speed (Ns) identified in step 1 is selected from FIG. 24. Then, a provisional flow rate-head 
characteristic curve is created by depicting the selected flow rate-head characteristic curve such that the point (1 .0, 1 .0) 
in FIG. 24 overiaps the point (Qbep ^bep) FIG. 26B. Further, aflow rate-shaft power characteristic curve con^espond- 
ing to the specific speed (Ns) identified in step 1 is selected from FIG. 24. Then, a provisional flow rate-shaft power 
characteristic curve is created by depicting the selected flow rate-shaft power characteristic curve such that the point 
40 (1 .0, 1 .0) in FIG. 24 overlaps the point (Qbep ^o) FIG. 26B. Data for steps 1 -3 is prepared in a database. 

[0116] Next, the flow rate identification shown in FIG. 26C is performed according to the following two steps. In step 
1 , the motor efficiency (iim) is identified by the rated output (Pq) of the motor. In this case, the data is stored In a data- 
base in order that the motor efficiency (t|m) can be identified by inputting the rated output (Pq) of the motor. In step 2, 
the cun-ent flow rate (Q) Is calculated according to the expression Q = t| ,^ • t| p • Pi/0.1 63 • 7 • H . Since the cun-entflow 
45 rate (Q) and the motor efficiency (tim) are identified in steps 1 and 2 and the current head (H) is known, the identified 
operating point can be illustrated in a graph of flow rate-head shown in FIG. 26C. Further, the identified operating point 
can be illustrated in a graph of flow rate-shaft power by calculating Pi tim- 

[0117] Next, the following two steps are performed to identify pump characteristics by correcting provisional pump 
characteristics, as shown in FIG. 26D. The dotted line in FIG. 26D denotes the provisional pump characteristics, while 
50 the solid line indicates the con-ected pump characteristics. In step 1 , the provisional head characteristics are corrected 
by the ratio Ha/Hb- In step 2, the provisional shaft power characteristics are corrected by the ratio Pa/Pb- l^^^e, H^ and 
Pa are the head and the shaft power at the operating point specified in FIG. 26C. Hb and Pb are the head and the shaft 
power on the provisional pump characteristic curve at the current flow rate (Q). 

[0118] Next, the stages of estimating provisional pump characteristics, identifying the operating point (flow rate). 
55 and correcting the provisional characteristics are described with reference to FIGS. 27 A through 27D. Here, the provi- 
sional characteristics are corrected using flow rate calculated from the head and the power consumption during cun^ent 
operations and estimated values of the efficiency of the fluid machinery and the efficiency of the motor, and the head 
and the power consumption during shutoff operations. 
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[0119] In the step shown in FIG. 27A, data Is Inputted Into the input device 5 shown in FIG. 1. This data includes 
the pump type data including the port diameter (0) and the number of stages (STG); the motor data including rated out- 
put (Po) and rated rotational speed (N); and measured data including the head (H) and power consumption (Pi) during 
current operations, and the head (Hs) and power consumption (Pis) during shutoff operations. 

[0120] Next, the main controller 1 shown in FIG. 1 perfomis the following three steps to create the provisional pump 
characteristics shown in FIG. 27B. In step 1 . the specific speed (Ns) is identified by the pump port diameter (0) and the 
number of stages (STG). the rated output (Pq) of the motor and the rated rotational speed (N) of the motor In step 2 
the flow rate at the best efficiency point (Qqep) is identified by the pump port diameter (0) and the number of stages 
(STG), the rated rotational speed (N) of the motor, and the specific speed (Ns). In step 3. provisional pump character- 
► Istlcs as shown in FIG. 27B are created by setting Qbep as the representative point in the X direction and head (He) and 
power consumption (Pis) during shutoff operations as the representative point In the Y direction. Here, the provisional 
pump characteristics are created using the dimensionless characteristics of the pump shown in FIG. 24, as described 
in the-embodiment shown in FIGS. 26A through 26D. Data for steps 1 and 2 is prepared in a database. ' 
[0121 ] Next, the flow rate Identification shown In FIG. 27C is perfonned according to the following two steps In step 
1 , the motor efficiency (tim) is identified by the rated output (Pq) of the motor. In this case, the data is stored In a data- 
base in order that the motor efficiency {^^) can be identified by inputting the rated output (Pg) of the motor In step 2 
the current flow rate (Q) is calculated according to the expression Q = ^ • t) p • Pi/0. 1 63 • y • H . Since the current flovJ 
rate (Q) and the motor efficiency (t^m) are identified in steps 1 and 2 and the current head (H) is known the identified 
operating point can be Illustrated in a graph of flow rate-head shown in FIG. 27C. Further, the identified operating point 
can be illustrated in a graph of flow rate-shaft power by calculating Pi •x]^. 

[0122] Next, the following two steps are perfomned to identify pump characteristics by correcting provisional pump 
characteristics, as shown in FIG. 27D. The dotted line in FIG, 27D denotes the provisional pump characteristics while 
the solid line indicates the corrected pump characteristics. In step 1 . the provisional flow characteristics are corrected 
by the ratio Q/Qb- In step 2, the shaft power curve Is con-ected to approximate a curve through points (0 Pis • tim) and 

(Q. Pi*T|M). 

[0123] Next, the stages of estimating provisional pump characteristics, identifying the operating point (flow rate) 
and correcting the provisional characteristics are described with reference to FIGS. 28A through 28D. Here, the provi- 
sional characteristics are corrected using flow nate calculated from the head and the power consumption during cun-ent 
operations and estimated values of the efficiency of the fluid machinery and the efficiency of the motor, and the head 
and the power consumption during operations when the valve is fully open. 

[0124] In the step shown in FIG. 28A, data is inputted into the input device 5 shown in FIG. 1. This data includes 
the pump type data including the port diameter (0) and the number of stages (STG); the motor data Including rated out- 
put (Pq) and rated rotational speed (N); and measured data including the head (H) and the power consumption (PI) dur- 
ing current operations, and the head (Hy) and the power consumption (Piv) during operations when the valve is fully 
open. ^ 

[0125] Next, the main controller 1 shown In FIG. 1 performs the following five steps to create the provisional pump 
characteristics shown in FIG. 28B. In step 1 , the specific speed (Ng) Is identified by the pump port diameter (0) and the 
number of stages (STG). the rated output (Pq) of the motor and the rated rotational speed (N) of the motor In step 2 
the flow rate at the best efficiency point (Qbep) is identified by the pump port diameter (0) and the number of stages 
(STG), the rated rotational speed (N) of the motor, and the specific speed (Ng). In step 3. the pump efficiency (rip) is 
identified by the pump port diameter (0) and the number of stages (STG) and the specific speed (Ns). In step 4 the 
head at the best efficiency point (Hbep) is calculated according to the expression H bep = il r • P (/O.I 63 • y • Q opp In 
step 5, provisional pump characteristics as shown by the dotted lines in FIG. 28B are created based on the identified 
specific speed and representative point [(Qbep Hbep) and (Qbep Pq)]. Here, the provisional pump characteristics are 
created using the dimensionless characteristics of the pump shown in FIG. 24. as described in the embodiment shown 
in FIGS. 26A through 26D. Data for steps 1 -3 is prepared In a database. 

[0126] Next, the flow rate identification shown In FIG. 28C is perfomned according to the following two steps In step 
1 , the motor efficiency (hm) is identified by the rate^utput (Pq) of the motor. In this case, the data is stored in a data- 
base in order that the motor efficiency (tim) can be identified by inputting the rated output (Pq) of the motor In step 2 
the current flow rate (Q) is calculated according to the expression Q = t] m • il p • Pi/0.163 • y • H . Since the current flow 
rate (Q) and the motor efficiency (n^) are identified In steps 1 and 2 and the current head (H) is Icnown. the identified 
operating point can be Illustrated In a graph of flow rate-head shown In FIG. 28C. Further, the identified operating point 
can be illustrated in a graph of flow rate-shaft power by calculating Pi •tim. 

[0127] Next, the following five steps are performed to identify pump characteristics by correcting provisional pump 
characteristics, as shown in FIG. 28D. The dotted line In FIG. 28D denotes the provisional pump characteristics while 
the solid line Indicates the con-ected pump characteristics. In step 1, the provisional head characteristics are corrected 
by the ratio H^/Hq, In step 2. the provisional shaft power characteristics are corrected by the ratio P^/Pq. Here Ha and 
Pa are the head and the shaft power at the operating point specified in FIG. 28C. Hg and Pg are the head and the shaft 
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power on the provisional pump characteristic curve at the current flow rate (Q). In step 3, the flow rate (Qy) during oper- 
ations when the valve Is fully open is identified from the head (Hy) during operations when the valve is fully open. In 
step 4, the shaft power (Piv • tim) during Qy is identified. In step 5, the shaft power curve is corrected to approximate a 
curve through points (Q, Pi* nw) (Qv P'v*tim). 

5 [0128] Next, the stages of estimating provisional pump characteristics, identifying the operating point (flow rate), 
and correcting the provisional characteristics are described with reference to FIGS. 29A through 29D. Here, the provi- 
sional characteristics are corrected using flow rate calculated from the head and the power consumption during current 
operations and estimated values of the efficiency of the fluid machinery and the efficiency of the motor, and the head 
and the power consumption during both shutoff operations and operations when the valve is fully open. 

10 [0129] In the step shown in FIG. 29A, data Is Inputted, into the input device 5 shown In FIG. 1 . This data includes 
the pump type data including the port diameter (0) and the number of stages (STG); the motor data including rated out- 
put (Pq) and rated rotational speed (N); and measured data including the head (H) and the power consumption (Pi) dur- 
ing current operations, the head (Hs) and the power consumption (Pis) during shutoff operations, and the head (Hy) 
and the power consumption (Piv) during operations when the valve is fully open. 

15 [0130] Next, the main controller 1 shown in FIG. 1 performs the following three steps to create the provisional pump 
characteristics shown in FIG. 29B. In step 1 , the specific speed (Ns) is identified by the pump port diameter (0) and the 
number of stages (STG), the rated output [Pq) of the motor and the rated rotational speed (N) of the motor. In step 2. 
the flow rate at the best efficiency point (Qbep) identified by the pump port diameter (0) and the number of stages 
(STG), the rated rotational speed (N) of the motor, and the specific speed (Ns). In step 3, provisional pump character- 

20 istics as shown in FIG. 29B are created by setting Qbep representative point in the X direction and the head (Hq) 

and the power consumption (Pis) during shutoff operations as the representative point in the Y direction. Here, the pro- 
visional pump characteristics are created using the dimensionless characteristics of the pump shown In FIG. 24, as 
described in the embodiment shown in FIGS. 26A through 26D. Data for steps 1 and 2 is prepared in a database. 
[01311 Next, the flow rate identification shown in FIG. 29C is performed according to the following two steps. In step 

25 1 . the motor efficiency (t|m) is identified by the rated output (Pq) of the motor. In this case, the data is stored in a data- 
base in order that the motor efficiency (tim) can be identified by inputting the rated output (Pq) of the motor. In step 2, 
the current flow rate (Q) Is calculated according to the expression Q = i] m * ^ p * 1 63 ♦ y • H . Since the current flow 
rate (Q) and the motor efficiency (tim) are Identified in steps 1 and 2 and the current head (H) is known, the identified 
operating point can be Illustrated in a graph of flow rate-head shown in FIG. 29a Further, the Identified operating point 

30 can be illustrated in a graph of flow rate-shaft power by calculating Pi • r]^. 

[0132] Next, the following two steps are perfomned to identify pump characteristics by correcting provisional pump 
characteristics, as shown in FIG. 29D. The dotted line in FfG. 29D denotes the provisional pump characteristics, while 
the solid line indicates the con-ected pump characteristics. In step 1 , the provisional flow characteristics are corrected 
by the ratio Q/Qb- In step 2, the shaft power curve is corrected to approximate a curve through points (0. Pis -tim), (Q, 

3S Pi • tim), and (Qy, Piv • t|m). 

[0133] Next, the stages of estimating provisional pump characteristics, identifying the operating point (flow rate), 
and connecting the provisional characteristics are described with reference to FIGS. 30A through 30D. Here, the oper- 
ating point (flow rate) is identified from the provisional characteristics and the head during current operations, while the 
provisional characteristics are corrected according to the current power consumption. 

40 [0134] In the step shown in FIG. 30A, data is inputted into the input device 5 shown in FIG. 1. This data includes 
the pump type data including the port diameter (0), the number of stages (STG), a first element (Q1 , H1 ), and a second 
element (Q2. H2); the motor data including rated output (Po) and rated rotational speed (N); and measured data includ- 
ing the head (H) and the power consumption (Pi) during current operations. 

[0135] Next, the main controller 1 shown in FIG. 1 performs the following five steps to create the provisional pump 
45 characteristics shown in FIG. 30B. In step 1 , the specific speed (Ng) is identified by the pump port diameter (0) and the 
number of stages (STG), the rated output (Pq) of the motor and the rated rotational speed (N) of the motor. In step 2, 
the shutoff head (Hs*) is assumed based on the equation H g' = (H1 + 2 x H2)/3 . In step 3. a head curve is created so 
as to pass through the points (0, Hs) and (Q2, H2), as indicated by the dotted line, and a shaft power curve is created 
so as to pass through the point (Qmax» Pq). as indicated by the dotted line, based on the identified specific speed (Ns). 
50 Here, the provisional pump characteristics are created using the dimensionless characteristics of the pump shown in 
FIG. 24. In step 4, the point (Q2, H2) is set as the point of origin, and the head curve indicated by a solid line is created 
by correcting the head at a ratio AH/(H1 - H2) . In step 5, the shaft power curve Indicated by the two-dot chain line is 
created by applying the conrected value for the head curve having its origin at (0, 0) to the shaft power curve. Data for 
step 1 is prepared in a database. 
55 [0136] Next, the flow rate identification shown in FIG. 30C is perfomied according to the following two steps. In step 
1 , the motor efficiency (ii^) is identified by the rated output (Pq) of the motor. In step 2, the cun-ent operating flow rate 
(Q) is identified by the head (H) during current operations. In addition, the current shaft power (Pi -ri^^i) is identified by 
calculating Pi -tim. Data for step 1 is prepared in a database. 
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[0137] Next, the following step is performed to Identify pump characteristics by correcting provisional pump charac- 
teristics, as shown in FIG. 30D. In this step, the shaft power curve indicated by a solid line is created by correcting the 
shaft power curve at the ratio (Pi • r| f^)/P . 

[0138] Next, the stages of estimating provisional pump characteristics, identifying the operating point (flow rate), 
and correcting the provisional characteristics are described with reference to FIGS. 31 A through 31 D. Here, the oper- 
ating point (flow rate) is identified from the provisional characteristics and the head during current operations, while the 
provisional characteristics are con-ected according to the current power consumption and the head and the power con- 
sumption when the valve is fully open. 

[0139] In the step shown in FIG. 31 A, data is Inputted into the input device 5 shown In FIG. 1. This data includes 
the pump type data including the port diameter (0), the number of stages (STG), a first element (Q 1 , H 1 ), and a second 
element (Q2. H2); the motor data Including rated output (Pq) and rated rotational speed (N); and measured data Includ- 
ing the head (H) and power consumption (Pi) during cun-ent operations, and the head (Hy) and the power consumption 
(Piv) during operations when the valve is fully open. 

[0140] Next, the main controller 1 shown In FIG. 1 performs the following five steps to create the provisional pump 
characteristics shown in PIG. 31 B. In step 1 , the specific speed (Ng) is identified by the pump port diameter (0) and the 
number of stages (STG). the rated output (Pq) of the motor and the rated rotational speed (N) of the motor. In step 2, 
the shutoff head (Hg ) is assumed based on the equation H s* = (HI + 2 x H2)/3 . In step 3, a head curve is created so 
as to pass through the points (0. Hg') and (Qg, Ha), as Indicated by the dotted line, and a shaft power curve is created 
so as to pass through the point (O^ax. Pq). as indicated by the dotted line, based on theldentified specific speed (Ng). 
Here, the provisional pump characteristics are created using the dimensionless characteristics of the pump shown in 
FIG. 24. In step 4. the point (02. H2) is set as the point of origin, and the head curve Indicated by a solid line is created 
by correcting the head at a ratio .AH/(H1 - H2) . In step 5. the shaft power curve indicated by the hvo-dot chain line is 
created by applying the corrected value for the head curve having Its origin at (0, 0) to the shaft power curve. Data for ' 
step 1 Is prepared In a database. 

[0141] Next, the flow rate Identification shown in FIG. 31 C is perfonned according to the following two steps. In step 
1, the motor efficiency (n^) is identified by the rated output (Pq) of the motor. In step 2, the cun-ent operating flow rate 
(Q) is identified by the head (H) during current operations. In addition, the cun-ent shaft power (Pi •tim) is identified by 
cialculating Pi tim. Data for step 1 is prepared In a database. 

[0142] Next, the following three steps are performed to identify pump characteristics by correcting provisional pump 
characteristics, as shown In FIG. 31 D. In step 1 , the shaft power curve is con-ected by the ratio (Pi • t] ^)/P ^ . In step 2. 
the flow rate (Qy) when the valve Is fully open is identified by Hvi and the shaft power (Piv ti^) when the valve is fully 
open is identified. In step 3, the shaft power curve Is approximated to a curve passing through the points (Q Pi tim) 
and (QviPIvtim). ' ^ j 

[0143] As described above, one of the methods shown in FIGS. 26A through 31 D is used to estimate provisional 
pump characteristics, identify the operating point (flow rate), and correct the provisional characteristics In order to iden- 
tify the pump characteristics. Accordingly, the characteristic curves shown In FIG. 6 can be identified even when pump 
experimental data cannot be obtained. Therefore, the diagnostic system of the present invention can function at a rel- 
atively high precision. 

[0144] The diagnostic system shown in FIGS. 1 through 310 performs a diagnosis by measuring power consump- 
tion and the like at the work site while the pump is perfomiing actual operations. Hence, although the diagnostic preci- 
sion may be high, gathering data is time-consuming. 

[0145] Specifically, the diagnostic system shown in FIGS. 1 through 31 D requires a so-called main diagnosis in 
which the system Is tested at the work site while the pump Is in actual operations. Therefore, the inventors of the present 
Invention have studied a method for learning the return of investment or cost-effectiveness when Introducing an inverter, 
wherein a simple theoretical diagnosis is conducted prior to perfonning the main diagnosis at the work site. Here, the 
return of investment or cost-effectiveness is defined as the effect of reducing power consumption by Introducing an 
Inverter in relation to the cost of Introducing the Inverter. By performing this simple pre-diagnosis, it is possible to occa- 
sionally omit the main, diagnosis and reduce the cost of the diagnoses. 

[0146] Next, an energy-saving p re-diagnostic system for saving energy in fluid machinery according to a first 
embodiment of the present invention will be described with reference to the drawings. The mechanical construction of 
the energy-saving pre-diagnostic system for fluid machinery according to the present embodiment is similar to the con- 
struction shown in FIG. 1. In the present embodiment, the fluid machinery will be described using the example of a 
pump. 

[0147] As shown in FIG. 1 . the energy-saving pre-diagnostic system for fluid machinery comprises a main controller 
1 for controlling the overall system, and a main storage unit 2 connected to the main controller 1. The main controller 1 
includes a control unit 3 and an arithmetic unit 4. The main controller 1 is also connected to an input devkje 5 including 
a keyboard, mouse, or the like and an output device 6 including a printer, display, or the like. 

[0148] The main controller 1 has an internal memory (not shown) for storing control programs such as an operating 



17 



EP 1 072 795 A1 



system, a program prescribing the diagnostic procedure for the fluid machinery, and required data. The main storage 
unit 2 includes a hard disk, floppy disk, optical disk, or the like and stores data for various models of pumps currently 
appearing on the market. However, the pump data can also be inputted each time into the input device 5. 
[0149] FIG. 32 is a view showing the flow rate-head characteristics and the flow rate-power consumption charac- 
5 teristics of the pump. In FIG. 32, the horizontal axis represents flow rate (l/min), while the vertical axis represents total 
head (m) or the power consumption (kW). 

[0150] The flow rate-head and flow rate-power consumption data for motor pumps driven by a commercial AC 
power supply is prepared in advance in the form of a general test report or a representative characteristic curve. By 
inputting approximately 5 points from the results (five points shown by dots in FIG. 32), it is possible to draw the curves 

10 (Xq and 73 shown in FIG. 32 using an appropriate function. 

[0151] The filled-in area of roughly triangular shape shown in the diagram indicates the design specifications of the 
equipment side. Since it is known that the energy loss in piping is proportional to the square of the flow rate, it is possi- 
ble to draw a system head curve p through the design specifications of the equipment by inputting the actual head (that 
is, the resistance in the pipeline at zero flow rate). 

15 [0152] If the actual head is not known, the value, for example, 50% of the head in the design specifications can be 
estimated. 

[0153] The present invention comprises a calculating means for calculating the reduced amount of power con- 
sumption when using a frequency converter to decrease the rotational speed of the fluid machinery. Next, the function 
of the calculating means is described with reference to FIG. 33. 
20 [0154] The curve of FIG. 33 includes a plurality of points which are not shown.. The coordinates of these points 
are defined by flow rate and head, as in (q^, h.,), (q2, ha), .... 

[0155] The calculating means establishes a rotational speed ratio for these points. If the rotational speed ratio is 
0.95, for example, then q-, is shifted to qi x 0.95 and hi is shifted to hi x 0.95^. This generates the points (0.95qv 
0.95^hi), (0.95q2, 0.95^h2) The curve ctj is the line connecting these points. This process is repeated for rotational 

25 speed ratios of 0.90, 0.85, 0.80, ... to form curves cce-ai. 

[0156] The curve p is the system head curve on the facility side (piping side) calculated by the above-described 
method. The point denoted by (8) in the drawing is the actual operating point, while points (7)-(1) are the operating 
points obtained by calculations with varied rotational speeds. However, the true operating point often has a larger flow 
rate than necessary, in order to allow some margin in the estimations of design specifications for piping loss. 

30 [0157] The curve 73 includes a plurality of points which are not shown. The coordinates of these points are defined 
by flow rate and power consumption, as In (q^, w^), (qg. W2) 

[0158] The calculating means establishes a rotational speed ratio for these points as described above. If the rota- 
tional speed ratio is 0.95, for example, then q^ is shifted to q^ x 0.95 and Wi is shifted to w^ x 0.95^ 
[0159] This example assumes that the pump efficiency and the motor efficiency do not change, even when the rota- 
35 tional speed changes. Nor does the example consider heat loss due to frequency conversion when using an inverter. 
The power consumption can be more accurately calculated by considering these factors. 

[0160] As described above, this process generates the points (O.^q^, 0.95^i), (0.95q2, 0,95^2). The cun/e 
77 Is the line connecting these points. This process is repeated for rotational speed ratios of 0.90, 0.85, 0.80. ... to form 
curves 76-7i. 

40 [0161] The power consumption corresponding to the operating points of (8)-(1 ) is indicated by points on the curves 
Ya-Tv 

[0162] FIG. 34 shows an example of actual output (printout) from the output device 6 for the characteristics 
described in FIG. 33. That is, FIG. 34 is a view showing a diagnostic result 1 0 outputted by the output devtee 6. The two 
graphs in FIG. 34 show the flow rate-head characteristic curves and the flow rate-power consumption characteristic 

45 curves found In FIG. 33. A table at the bottom of FIG. 34 is represented by the letter A. This portion A is enlarged and 
shown in FIG. 35. This portion A of FIG. 34 is a table showing calculated values of power consumption reductions. The 
items in the first column of FIG. 35 indicate the flow rate during actual operations for fluid machinery driven by a com- 
mercial power source; cases when using an inverter to meet the design flow rate; and cases when using an inverter to 
reduce the flow rate below the design flow rate. 

so [0163] Items in the top row of the table include the rotational speed ratio (1 .0 when driven by a commercial power 
source), power consumption, the amount of power consumption (calculated from the work time inputted separately from 
power consumption). CO2 emissions (calculated using a coefficient indicated in the diagram for the amount of power 
consumption), reduction of power consumption, reduced power costs (calculated using the unit price 13 yen/kWh), and 
reduction ratio (electric energy • CO2 • electric power cost). 

55 [0164] In this example, an energy savings of 1 8% can be achieved simply by matching the flow rate to the design 
value, amounting to a reduction in energy costs of 286,000 yen/year. If the design flow rate itself has been estimated 
with some margin, it may be possible to reduce the flow rate by 10%, for example, thereby achieving an energy savings 
of 40%, and amounting to a reduction in energy costs of 639,600 yen/year. In this manner, it is possible to estimate the 
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length of time required to recover an investment for Installing an inverter. 

[0165] The calculating means for calculating how much power consumption can be reduced when using a fre- 
quency converter to decrease the rotational speed of the fluid machinery and the processing means for displaying the 
calculated results, as described above, are implemented as programs for operating a computer and stored on a storage 
medium. This storage medium can be incorporated into a personal computer or the like. 

[0166] FIG. 36 is a schematic view showing an example of an energy-saving pre-diagnostic system for fluid machin- 
ery implemented by a personal computer. This system includes a personal computer PC comprising a main controller 
1 (having a control unit 3 and an arithmetic unit 4), a main storage unit 2, an input device 5. and an LCD forming part 
of an output device 6, all of which are shown in FIG. 1 ; a floppy disk (FD) or CD-ROM serving as the storage medium 
for storing the above programs; and a printer PR forming another part of the output device 6. 

[0167] As described above, the present invention can find in advance the amount of wasteful energy consumption 
in the fluid machinery and its peripheral devices. With the system of the present invention. It is easy to calculate the 
amount of energy savings possible using an inverter or the like to adjust the rotational speed, without perfonDing actual 
operations with the fluid machinery at the work site. Accordingly, the return of investment or cost-effectiveness of intro- 
ducing an inverter or the like can be found, and this can help popularize energy conserving equipment on the market. 
[0168] Next, a method and material for displaying characteristics of the fluid machinery according to an embodi- 
ment of the present invention will be described with reference to drawings. 

[0169] FIG. 37 shows an example of applying the present Invention to a motor-driven centrifugal pump. Here, the 
motor is a 3-phase induction motor. The outer rectangle 10 describes the periphery of a flat surface 11 comprising a 
display material, such as space in a catalog. Curves 12 showing the Q-H characteristics, and data 14. 15. and the like 
relating to power consumption are recorded on the surface 1 1 . 

[0170] The curves (Q-H characteristic curves) 12 indicate the Q-H characteristics plotted according to the dis- 
charge amount represented by the horizontal axis and the total head represented by the vertical axis. One curve 1 2 is 
recorded for each frequency supplied to the motor. There are nine frequencies in this example: An operating frequency 
13 for the pump motor is numerically recorded adjacent to each curve 12. These curves 12 can either all be the meas- 
ured data or can be the calculated values based on the function (1 ) provided below. 



[0171] Here, Q is the discharge amount, H the total head, N the rotational speed, F the frequency, and W the power 
consumption. 

[0172] An approximate power consumption 14 and an approximate annual energy charge 15 are numerically 
recorded adjacent to the curves 12 as data related to power consumption. The power consumption (energy charge) var- 
ies according to the operating point, that is, the discharge flow rate, even at the same frequency. In this example, how- 
ever, the power consumption at the discharge flow rate in maximum load (within the range of pump selections when 
driven by a commercial power supply) is set as the representative point and recorded adjacent to the Q-H characteristic 
curves 12. 

[0173] Specifically, an approximate power consumption 14a and an approximate annual energy charge 15a are 
recorded adjacent to the curves 1 2 for a frequency of 50 Hz when a commercial power source of a frequency of 50 Hz 
supplies power directly to the motor. An approximate power consumption 14b including heat lose from the inverter and 
an approximate annual energy charge 15b are recorded adjacent to the curves 12 for all other frequencies when using 
an inverter. The approximate power consumption 1 4b and the approximate annual energy charge 1 5b show the reduc- 
tion in power consumption from the value at 50 Hz. 

[01 74] For example, the approximate power consumption for discharge flow rate at the maximum load point is 1 0.50 
kW when performing operations with a commercial 60-Hz power source. Based on this value, the approximate annual 
energy charge calculated for an operating time of 8400 h/year at an energy charge of 13 yen/kWh is 1.150,000 yen. 
When using an Inverter, on the other hand, the approximate power consumption when performing operations at a fre- 
quency of 45 Hz is reduced by 2.46 kW from that at a frequency of 50 Hz, resulting In a reduction of 269,000 yen in the 
approximate annual energy charge. 

[0175] The price 16 of the inverter Is also displayed on the surface (display material) 1 1 , and in this example, the 
price 16 of the inverter is 498.000 yen. Thus, as described above, it is found that in case of operating the pump at a 
frequency of 45 Hz in place of the commercial 50-H2 power source, the investment (or cost) of the inverter can be 
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recovered by 1 .85 year (489,000/269,000). 

[0176] Here, it is necessary to consider that the operating time and energy charge (cost/kWh) vary according to the 
work site and region and that an Investment is required for installing the inverter. However, calculating the return of 
investment or cost-effectiveness is remarkably easier with the present invention than with the conventional method of 
5 displaying pump characteristics. 

[0177] A selection range 1 7 for pumps driven by the commercial power is the area enclosed by a dotted line on the 
surface (display material) 11. The selection range 17 facilitates studying the feasibility of replacing the current pump 
with a pump having one class smaller capacity. The same display described above can be achieved on a flat display 
surface, such as a space in a catalog for one class smaller capacity pump. Although not shown in the diagram, display- 
to ing the cost of the pumps on the surface 1 1 would facilitate comparing the return of investment or cost-effectiveness of 
replacing the current pump with one class smaller capacity pump to that of adding an inverter. 

[0178] Further, calculating conditions 18 for data regarding power consumption are included on the surface 1 1 . In 
this example, the calculating conditions 18 include an operating time of 8400 h/year and an energy charge of 13 
yen/kWh. This data allows the user to perform simple multiplication and division calculations in case of different oper- 
15 ating times and the like. 

[0179] Next, an example of calculating a simple return of investment or cost-effectiveness of introducing an Inverter 
will be described with reference to FIGS. 37 and 38. FIG. 38 shows an example of a pump requirement 19 only needed 
in emergency situations and an example of a normal operation pump requirement 20 indicated by a double circle and 
a single circle, respectively, on the surface 1 1 of FIG. 37. In this example, one class smaller"c&pacity pump is sufficient 
20 when considering most operating conditions (requirements), but a pump is selected with consideration for requirements 
in emergency situations. 

[0180] As an example, it is assumed that the operating time for normal operation requirements is 6000 h/year, with 
an energy charge of 20 yen/kWh. In this case, the operating frequency can be set to 40 Hz, and hence as shown in 
FIGS. 37 and 38. the power consumption- of 4.86 kW can be reduced compared to that when an inverter is not used. 
25 Accordingly, the annual energy charge can be calculated by 4.86 kW x 6000 h/year x 20 yen/kWh, which equals a 
reduction of 583,200 yen. 

[0181] Since the cost of an inverter is 498,000 yen, with consideration for the cost of installing the inverter, the 
investment can be recovered in approximately one year. In this manner, the present invention enables the user to find 
the return of investment or cost- effectiveness for introducing an Inverter in an extremely short time. 

30 [0182] Next, a method and material for displaying characteristics of the fluid machinery according to a second 
embodiment of the present invention will be described with reference to FIG. 39. The display according to the second 
embodiment includes more detailed data on power consumption. In addition to entering the approximate annual energy 
charge 15 adjacent to the curves 12, the surface 1 1 also includes a separate graph with a plurality of power consump- 
tion curves 21 showing the relationship between power consumption and discharge flow rate for each frequency sup- 

35 plied to the motor, and a reduction ratio (%) 22 and the approximate power consumption 14 described in the first 
embodiment adjacent to the power consumption curves 21 . 

[0183] By reading the power consumption curves 21 using the display method and material according to the 
present embodiment, it is possible to calculate with great accuracy the return of Investment or cost-effectiveness and 
the absolute value of energy savings when incorporating an inverter. 

4o [0184] Next, a method and material for displaying characteristics of the fluid machinery according to a third embod- 
iment of the present invention will be described with reference to FIG. 40. in this embodiment, the curves 12 and a plu- 
rality of equivalent power consumption curves 23 for each power consumption approximately determined by the 
rotational speed (frequency) and discharge flow rate are displayed on the same coordinate system. The equivalent 
power consumption curves 23 are depicted by dotted lines. Further, an annual energy charge 24 is displayed numeri- 

45 cally adjacent to the equivalent power consumption curves 23. 

[0185] The display method and material according to the present embodiment has the effect of combining the 
graphs in FIGS. 37 and 39. 

[0186] Next, a calculating and graphing system for obtaining the display material or power consumption line graphs 
shown in FIGS. 37 through 40 will be described. The displayed results are obtained by inputting the flow rate-pressure 
50 characteristics and flow rate-power consumption data for fluid machinery having a motor driven by a commercial AC 
power. 

[0187] The hardware configuration fbrthe calculating and graphing system is the same as that shown In FIG. 1 . The 
calculating and graphing system comprises a main controller 1 for controlling the overall system, and a main storage 
unit 2 connected to the main controller 1 . The main controller 1 includes a control unit 3 and an arithmetic unit 4. The 
55 main controller 1 Is also connected to an Input device 5 Including a keyboard, mouse, or the like and an output device 
6 including a printer, display, or the like. In FIG. 1 , the bold arrows show the flow of data and programs, while the thin 
arrows indicate the flow of control signals. 

[0188] The main controller 1 has an internal memory (not shown) for storing control programs such as an operating 
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system, a program prescribing the diagnostic procedure for the fluid machinery, and required data. These programs 
Implement a calculating process and a graphing process for creating the display material. The main storage unit 2 
includes a hard disk, floppy disk, optical disk, or the like. 

[0189] FIG. 41 is a flow chart showing an outline of the process flow performed in the calculating and graphing sys- 
tem of FIG. 1. 

[0190] In step 1 , data regarding the flow rate-head characteristics and the flow rate-power consumption character- 
istics for the rotational speed of fluid machinery having a motor driven by a commercial AC power is Inputted into the 
input device 5. This data may be prepared and stored in the main storage unit 2. 

[0191] In step 2, calculations are perfonned to find the flow rate-head characteristics and the flow rate-power con- 
sumption characteristics for a plurality of rotational speeds different from the rotational speed inputted In step 1. The 
calculation Is performed according to the expression (1) described above. In this case, it is also possible to input meas- 
ured data for various rotational speeds in place of performing the calculation. 

[0192] In step 3. data regarding the operating time of the fluid machinery and the energy charge per unit of power 
consumption is inputted into the Input device 5. 

[0193] In step 4. a plurality of flow rate-head characteristic curves for various rotational speeds are displayed on the 
output device 6, along with data related to power consumption. As described. above, the output device 6 comprises a 
printer, or a display such as LCD. The power consumption related data Includes the various data shown in FIGS. 37 
through 40. 

[0194] The calculating and graphing system implemented by a personal computer has the same structure as that 
shown in FIG. 36. This system includes a personal computer PC comprising a main controller 1 (having a control unit 
3 and an arithmetic unit 4), a main storage unit 2. an input device 5, and an LCD fomiing part of the output device 6. all 
of which are shown in FIG. 1 ; a floppy disk FD or CD-ROM serving as the storage medium for storing the above pro- 
grams; and a printer PR fomiing another part of the output device 6. 

[0195] In the example of the present embodiment the surface for displaying the characteristics of the fluid machin- 
ery is described as a flat surface. However, a curved surface is also possible, providing the surface is continuous. Fur- 
ther, this display surface is not limited to the surface of a paper such as part of a catalog, but may also be a liquid crystal 
display or the like. 

[0196] With the present invention described above, the user can easily find expected energy savings and the time 
required to recover an Initial investment by recording fluid machinery characteristic curves on a pump or inverter catalog 
or the like, without performing complex calculations. Accordingly, the present invention has the effect of creating a 
demand for inverters used in fluid machinery, and the inverter-mounted pumps which are recently being common, 
thereby helping popularize energy conserving equipment on the market. 

Industrial Applicability 

[0197] The present invention relates to a system for finding wasteful energy consumption in a fluid machinery and 
can be applied to equipment using cooling-water circulating pumps, feed water pumps, and the like. 

Claims 

1 . A diagnostic System for fluid machinery comprising: 

first identifying means for inputting prescribed data on the fluid machinery to be diagnosed and identifying the 
characteristics of the fluid machinery represented by flow rate-head characteristics; 

second identifying means for identifying the operating flow rate or operating pressure of the fluid machinery 
according to the relationship between the identified characteristics of the fluid machinery and a measured 
operating pressure or operating flow rate of the fluid machinery by operating the fluid machinery to be diag- 
nosed and inputting the measured results of the operating pressure (head), operating flow rate, power con- 
sumption, or operating electric cun^nt of the fluid machinery in operation; and 

processing means for computing variations in the operating flow rate, operating pressure, or power consump- 
tion while the rotational speed of the fluid machinery to be diagnosed is varied, and for displaying the computed 
results. 

2. A diagnostic system for fluid machinery as claimed in claim 1, wherein said first identifying means functions by 
inputting one or more of the following data (1-11) regarding the fluid machinery: 

1 . Diameter (or numerical order) of suction port 

2. Diameter (or numerical order) of discharge port 
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3. Rated output of motor driving the fluid machinery 

4. Number of poles of motor driving the fluid machinery 

5. Operating frequency of motor driving the fluid machinery 

6. Rating plate specifications (flow rate-head) of the fluid machinery 

7. Model name of the fluid machinery 

8. Manufacturer's name of the fluid machinery 

9. Number of impeller stages of the fluid machinery 

1 0. Outer diameter of impeller of the fluid machinery 

1 1 . Test data regarding the flow rate-head and flow rate-power consumption of the fluid machinery. 

3. A diagnostic system for fluid machinery as claimed in claim 1, wherein said characteristics of the fluid machinery 
identified by said first identifying means are refined by inputting the power consumption at the actual operating 
point. 

15 4. A diagnostic system for fluid machinery as claimed in claim 3, wherein said characteristics of the fluid machinery 
identified by said first identifying means are refined by Inputting the operating pressure and/or power consumption 
at the shutoff operating point separate from the actual operating point. 

5. A diagnostic system for fluid machinery as claimed in claim 1, wherein said computed results obtained by said 
20 processing means are refined by inputting values of actual head. 

6. A diagnostic system for fluid machinery capable of finding with high accuracy wasteful energy consumption in the 
fluid machinery and its peripheral devices, comprising: 

25 a controller having a frequency converter as a primary component for reducing the estimated wasteful energy, 

consumption, said controller being used in combination with said diagnostic system as claimed In any one of 
claims 1 to 5. 

7. A diagnostic system for fluid machinery as claimed in claim 6, wherein the rotational speed of the fluid machinery 
30 is varied by changing the frequency generated by said frequency converter with said controller, and the actual head 

or head toss caused by piping is found by comparing the operating pressure for each rotational speed when the 
valve is open to that when the valve Is closed. 

8. A recording medium capable of being read by a computer for storing programs to enable the computer to imple- 
35 ment the functions of: 

identifying the characteristics of the fluid machinery represented by flow rate-head characteristics by inputting 
prescribed data on the fluid machinery to be diagnosed; 

identifying the operating flow rate or operating pressure of the fluid machinery according to the relationship 
40 between the identified characteristics and a measured operating pressure or operating flow rate of the fluid 

machinery by operating the fluid machinery to be diagnosed and inputting the measured results of the operat- 
ing pressure (head), operating flow rate, power consumption, or operating electric current of the fluid machin- 
ery in operation; and 

computing variations in the operating flow rate, operating pressure, or power consumption when the rotational 
45 speed of the fluid machinery to be diagnosed is varied, and displaying the computed results. 

9. A diagnostic system for fluid machinery comprising: 

first identifying means for identifying the characteristics of the fluid machinery represented by flow rate-head 
50 characteristics of the fluid machinery to be diagnosed; 

second identifying means for identifying the actual operating point of the fluid machinery to be diagnosed; and 
processing means for computing variations in the operating point when the rotational speed of the fluid machin- 
ery to be diagnosed is varied, and for displaying the computed results. 

55 10. A method for diagnosing fluid machinery comprising: 

identifying the characteristics of the fluid machinery represented by the flow rate-head characteristics of the 
fluid machinery to be diagnosed; 
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identifying the actual operating point of the fluid machinery to be diagnosed; 

computing variations in the operating point when the rotational speed of the fluid machinery to be diagnosed 
is varied; and 

displaying the computed results. 

1 1 . A method for identifying characteristics of fluid machinery comprising: 

calculating the bead and shaft power for flow rates by determining representative points for characteristics of 
fluid machinery including a representative head and representative shaft power and by determining the ratios 
of head and shaft power other than the representative flow rate to the representative head and representative 
shaft power based on the port diameter of the fluid machinery, the number of Impeller stages, and the rated 
output and rated rotational speed of the motor used to drive the fluid machinery; 

estimating provisional characteristics of the fluid machinery based on the calculated head and shaft power; 
and 

identifying characteristics of the fluid machinery and the operating point including the operating flow rate by 
correcting said provisional characteristics of the fluid machinery based on measurement data Including at least 
the head and power consumption during current operations. 

12. A method for identifying characteristics of fluid machinery as claimed In claim 11, wherein said representative 
points are set as the flow rate producing maximum efficiency in the fluid machinery, the head calculated using esti- 
mated values of effbiency for the fluid machinery,' and the rated output of the motor. 

13. A method for Identifying characteristics of fluid machinery as claimed In claim 11, wherein said representative 
points are set as the flow rate and head calculated using at least two points of standard specifications including the 
flow rate and h^ad of the fluid machinery, and the rated output of the motor. 

14- A method for identifying characteristics of fluid machinery as claimed in claim 12, wherein said provisional charac- 
teristics of the fluid machinery are con-ected by the flow rate calculated using head and power consumption during 
current operations and the estimated values of efficiency for the fluid machinery and motor. 

15. A method for identifying characteristics of fluid machinery as claimed In claim 12, wherein said provisional charac- 
teristics of the fluid machinery are corrected by the flow rate calculated using head and power consumption during 
current operations and the estimated values of efficiency for the fluid machinery and motor, and the head and 
power consumption during shutoff operations. 

16. A method for Identifying characteristics of fluid machinery as claimed in claim 12, wherein said provisional charac- 
teristics of the fluid machinery are corrected by the flow rate calculated using head and power consumption during 
current operations and the estimated values of efficiency for the fluid machinery and motor, and the head and 
power consumption during operations when the valve is fully open. — 

1 7- A method for identifying characteristics of fluid machinery as claimed in claim 1 2, wherein said provisional charac- 
teristics of the fluid machinery are corrected by the flow rate calculated using head and power consumption during 
current operations and the estimated values of efficiency for the fluid machinery and motor, and the head and 
power consumption during shutoff operations and during operations when the valve is fully open. 

18. A method for identifying characteristics of fluid machinery as claimed in claim 13, wherein the operating point (flow 
rate) is identified by said provisional characteristics of the fluid machinery and the head during cun-ent operations, 
and said provisional characteristics are corrected by the current power consumption. 

19. A method for Identifying characteristics of fluid machinery as claimed in claim 13, wherein the operating point (flow 
rate) is identified by said provisional characteristics of the fluid machinery and the head during cunrent operations, 
and said provisional characteristics are corrected by the current power consumption and the power consumption 
when the valve is fully open. 

20. An energy-saving pre-dlagnostic system for fluid machinery, comprising: 

Inputting means for inputting flow rate-pressure (head) and flow rate-power consumption data for fluid machin- 
ery having a motor driven by a commercial AC power, and design specifications (flow rate-pressure) In a facility 
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side; 

inputting or estimating means for inputting or estimating resistance of piping (actual liead) when the flow rate 
is zero; 

calculating means for calculating the reduction in power consumption achieved when reducing the rotational 
5 speed of the fluid machinery with a frequency converter; and 

processing means for displaying the calculated results. 

21. A recording medium capable of being read by a computer for storing programs to enable the computer to imple- 
ment the functions of: 

10 

inputting flow rate-pressure (head) and flow rate-power consumption data for fluid machinery having a motor 
driven by a commercial AC power, and design specifications (flow rate-pressure) in a facility side; 
inputting or estimating resistance of piping (actual head) when the flow rate is zero; 

calculating the reduction in power consumption achieved when reducing the rotational speed of the fluid 
15 machinery with a frequency converter; and 

displaying the calculated results. 

22. A method for displaying the characteristics of fluid machinery, comprising: 

20 displaying the flow rate-pressure characteristics of the fluid machinery varied according to the rotational speed 

on the same surface using a plurality of curves; and 
displaying data related to the power consumption on the same surface. 

23. A method for displaying the characteristics of fluid machinery as claimed in claim 22. further comprising numerically 
?5 displaying data related to the power consumption adjacent to each curve representing the fluid-pressure character- 
istics. 

24. A method for displaying the characteristics of fluid machinery as claimed in claim 22 or 23, further comprising dis- 
playing on the same surface a reference selection range under a fixed rotational speed of the fluid machinery. 

30 

25. A method for displaying the characteristics of fluid machinery as claimed in any one of claims 22 to 24, further com- 
prising displaying on the same surface data related to the power consumption, including at least one of the energy 
charge or the amount of reduction in the energy charge, 

?5 26. A method for displaying the characteristics of fluid machinery as claimed in any one of claims 22 to 25, further com- 
prising displaying on the same surface at least one of the cost of the fluid machinery or the cost of the apparatus 
required to vary the rotational speed. 

27. A method of displaying the characteristics of fluid machinery as claimed in any one of claims 22 to 26, further com- 
io prising displaying on the same surface conditions for calculating data related to the power consumption. 

28. A display material for displaying the characteristics of the fluid machinery using the method as claimed in any one 
of claims 22 to 27. 

is 29. A fluid machinery or an apparatus for varying the rotational speed of the fluid.machinery, comprising: 

displaying the flow rate-pressure characteristics of the fluid machinery varied according to the rotational speed 
on the same surface of a promotional material represented by a catalog, using a plurality of curves; and 
displaying data related to the power consumption on the same surface of said promotional material. 

50 

30. A line graph for the power consumption of fluid machinery comprising: 

a plurality of curves indicating the flow rate-pressure characteristics of fluid machinery in each of rotational 
speeds and displayed in a coordinate system; and 
55 a plurality of curves indicating the flow rate-pressure characteristics of the fluid machinery in each of values of 

power consumption and displayed in said coordinate system. 

31 . A calculating and graphing system, comprising a computer for obtaining the display material of claim 28 or the line 
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graph of claim 30. by inputting data for the flow rate-pressure characteristics and flow rate-power consumption 
characteristics of fluid nnachinery having a motor driven by a commercial AC power. 



32. A recording medium capable of being read by a computer for storing programs to enable the computer to imple- 
ment the calculating and graphing system as claimed in claim 31 . 
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A shows the reduction ofthe annual energy Charge. 
—I 1 1 I « 




▲ shows the reducfion in power consumption. 
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data regarding the flow rate-head 
characteristics and the flow rate-power 
consumption characteristics for ttie 
rotational speed of fluid niachinery is 
inputted 



± 

calculations are performed to find the 
flow rate-head characteristics and the 
flow rate-power consuiT9>tion 
characteristics for a pluraRt/ of rotational 
speeds different from the rotation^ 
speed inputted in step 1 (or measured 
data for various rotational speeds is 
inputted) 
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data regarding the operating tinne of the 
fluid machinery and the energy charge 
(per unit of power consumption) is 
inputted 



a plurality of flow rate-head cha-acteristic 
curves for various rotational speeds are 
displayed, along with data reiated to 
power consumption 



step 1 
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step 3 



step 4 
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